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@ Circuit arrangement for correcting frequency response in accordance with frequency response of a sound fleld.

@ In a circuit arrangement for automatically correcting
frequency response so as to set a desired frequency response
in view of a frequency response of a sound field (19), a fre-
quency response control circuit {(14) is improved such that

v 4
precise level control at a number of bands is effected with a J—,..L,ﬂ
simple structure. A microcomputer (28) is used to determine L |
the difference between a desired frequency response curve ” | L= ’
and a frequency response curve obtained by measuring the ez _E’
sound pressure fevel in a sound field (19}, to which pink noise
Y™ or the like is emitted through the frequency response control
circuit {14), so as to produce a control signal used in the
frequency response control circuit to give a desired frequency »
response to an audio signal. The frequency response control > ¥
0 circuit {14) comprises an amplifier (15}, a plurality of resonance :‘;‘" ‘[5
circuits (17;to 17,) corresponding to the bands, a plurality of ol

variable resistor circuits (16; to 16;} each including a parallel
O circuit of a plurality of series circuits of a resistor and an analog

switch; and an interface circuit responsive to serial data of the
Y™ control signal from the microcomputer {28) for controlling the
= analog switches.
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DESCRIPTION

"CIRCUIT ARRANGEMENT FOR CORRECTING FREQUENCY RESPONSE IN

ACCORDANCE WITH FREQUENCY RESPONSE OF A SOUND FIELD"

This invention relates generally to frequency
response control in an audio system having a speaker for
emitting an audio signal to a sound field, and more
particularly to a circuit arrangement which corrects
fregquency response in accordance with fregquency response or
accoustic characteristic of a sound field.

Frequency response of an audio system has hitherto
been controlled by way of a graphic equalizer so that a
desired freguency response is resulted. When it is
intended to take the frequency response of a sound field,
such as a listening room, into account, the freguency
response determined by the accoustic characteristic of the
sound field is first measured, and necessary correction or
compensation is then effected. .Although such control can
be manually effected, it is time-consSuming and troublesome,
and therefore automatic frequency response control circuits
have recently developed.

One example of such a known automatic
equalizer/analyzer is disclosed in a publication from AUDIO
ENGINEERING SOCIETY, which includes information presented

at the 64th Convention, 1980 October 31 - November 3 in New
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York. According to the technigue disclosed by Robert W.
Adams of dbx, Inc. a digitally controlled 10-band equalizer
is used where the equalizer comprises 10 filters and 10 D/A
converters. Namely, the equalizer requries a plurality of
filters and D/A converts whose number equals the number
bands to be controlled. The equalizer is controlled by a
computer which is required to ouput band select data of -
4-bit and level control data of 8-bit, where these data is
fed to the D/A converter of the equalizer in parallel bit
form. Therefore, the number of connecting lines between
the computer and the equalizer is large, while the
structure of the equalizer is complex. In addition, when
an equliler is constructed by a plurality of band pass
filters, distortion is apt to occur due to phase variation.
Another prior art reference, i.e. Japanese Patent
Provisional Publication 56-17507 (Application No. 54-93498)
published on February 19, 1981, discloses a digitally
controlled signal control device in which an input audio
signal is level controlled by a digital signal formed by
16-bit parallel data word. 1In this way according to known
techniqgues it is necessary to process a relatively long
data word of a number of bits, and therefore the structure
of a level ajusting circuit or equalizer has suffered from
complex structure. Such complex structure results in high

manufacturing cost, while it is difficult to construct a
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main portion of the equalizer by way of an integrated

circuit.

The present invention has been developed in order to
remove the above-described drawbacks inherent to the
conventional circuit arrangement for correcting frequency
response of an input audio signal.

Iﬁ?is, therefore, an object of the present invention
to provide a new and useful circuit arrangement which
comprises a frequency response control circuit or an
automatic graphic equalizer with a simple structure which
is readily constructed as an integrated circuit at a low
cost.

According to a feature of the present invention an
automatic frequency response control circuit or a graphic
equlizer is digitally controlled by output data from a
microcomputer such that a desired frequency response is
given to an input audio signal by finding the difference
between a desired frequency response curve and a frequency
response curve obtained as the result of measurement of
sound pressure level.at various frequecies in a sound field
to which a reference noise signal is emitted, and the
frequency response control circuit of the type using an
amplifier and a plurality of resonance circuits

corresponding to various bands, comprises an interface of a
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particular structure so as to receive serial data fed from
the microcomputer and to decode the same for controlling a
plurality of analog switches included in each of a
plurality of variable resistor circuits which also has a
particular structure.

According to énother feature of the present
invention the frequency response control circuit can be
readily manufactured at a low cost as an integrated circuit
due to its simple structure.

According to a further feature of the present

invention various freguency response curve data, which is

manually inputted in correspondence with respective music
pieces in accordance with user's liking, can be written on
an external storage medium in which various pieces of music
are also recorded such that each piece of music is
accompanied by each frequency response curve data.
Therefore, once a desired fregquency response suitable for
particular piece of music is determined and written, the
music piece can be listened with the desired freguency
response whenever the music is played back.

In accordance with the present invention there is
provided a circuit arrangement for automatically giving a
frequency response to an input audio signal, comprising:
(a) a reference signal generator for producing a reference

audio signal; (b) a selector for selecting said reference
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audio signal or said input audio signal from a signal
source, said selector being controlled such that said
reference audio signal is selected until a desired
frequency response is given thereto; (c) a frequency
response control circuit responsive to a control signal‘for
giving a given frequency response to an audio signal from
said selector such that the level of said audio signal is
controlled at n bands wherein n is a positive integer, said
frequency response control circuit including: an amplifier
responsive to said audip signal from said selector, said
amplifier having a negative feedback .path; a plurality of
variable resistor circuits whose number is 2n, each of said
variable resistor circuits having a parallel circuit of a
plurality of series circuits of a resistor and an analog
switch, a first group of n of said variable resistor
circuits being connected to said negative feedback path to
cause a loop gain of said amplifier to increase, and a
second group of n of said variable resistor circuits being
connected to said amplifier to cause thé attenuation of the
level of said audio signal; a plurality of resonance
circuits whose number is n, having different center
frequencies within an audio freqguency range, each of said
resonance circuits being connected to two of said variable
resistor circuits respectively belonging to said first and

second groups; an interface circuit responsive to said



10

15

20

25

01139791

control signal for controlling on-off éperation of said
analog switches of said variable resistor circuits, said
interface circuit having a shift register of serial-in,
parallel-out type for receiving said control signal by
shifting serial data in response to a clock pulse signal, a
decoder responsive to some bits of parallel outputs from
said shift register for producing a latching pulse to
select one of said n bands, n latches arranged to be
enabled by said latching pulse so that one of said n
latches is used to store some of said bits of the paralel
outputs from said shift register so as to control on-off
operations of said analog switches of one of said variable
resistor circuits corresponding to a designated band, and
first means responsive to a timing signal and to one of
said parallel outputs from said shift register for causing
said decoder to output said latching pulse; (d) a power
amplifier responsive to an output signal from said
frequency response control circuit for driving a loud
speaker so that said audio signal passed through said
requency response control signal is emitted to a sound
field; (e) second means ressponsive to an output signal
from a microphone located in said sound field for.picking
up said audio signal, for analyzing frequency response at
said n bands and for producing digital data indicative of a

signal level at each of said n bands; (f) storage means for
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storing digital data indicative of a plurality of frequency
response curves; and (g) computing means responsive to said
digital data from said second means and to said digital
data from said storage means; for computing the difference
between signal level between said two digital data at each
of said bands; for producing said control signal by using
the difference between said two digital data,‘said control
signal including a first digital data word including
information for designating one of said bands, and a second
digital data word including information for désignating
signal level in each of said bands, said first and second
digital data words having a serial format so that said
first and second digital data wordé are fed to said
interface circuit of said frequency response control
circuit via a single line, said first and second digital
data words including one bit indicating that the digtial
data word is either said first or second digital data word;
and for producing said timing signal which will be used by
said interface circuit for detecting said one bit for
distinguishing said first digital data word from said

second digital data word.

The object and features of the present invention

will become more readily apparent from the following
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detailed description of the preferred embodiments taken in
conjunction with the accompanying drawings in which:

Fig. 1 is a schematic block diagram of the circuit
arrangement according to the present invention;

Fig. 2 is a schematic diagram of an embodiment of
the frequency response control circuit shown in Fig. 1;

Fig. 3 is a diagram of one of variable resistor
networks or circuits shown in Fig. 2;

Fig. 4 is a schematic diagram of the AD converter

shown in Fig. 1;

Fig. 5 is an explanatory diagr;m showing the range
of frequency response control effected by the arrangement
of Fig. 1; '

Fig. 6A is a timing chart showing three output
signals fed from the microcomputer to the fregquency
response control circuit both shown in Fig. 1;

Fig. 6B is a schematic diagram showing the
relationship between the microcomputer and the freguency
response control circuit both shown in Fig. 1;

Fig. 7A and 7B are flowcharts showing an example of
the operation of the microcomputer shown in Fig. 1;

Fig. 8 is a schematic diagram showing a circuit for
manually inputting a desired fregquency response curve to

the microcomputer of Fig. 1;

Fig. 9 is a view of a front panel of an automatic
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frequency response control system, to which the present
invention is adapted, having a spectrum display unit and
manual boost/attenuate buttons respectively provided for
all the frequency bands;

Fig. 10 shows partially another embodiment of the
circuit arrangement according to the present invention, in
which embodiment frequency response curve data is
magnetically stored;

Fig. 11 is a schematic view showing data written on
a magnetic recording tape used in the embodiment of Fig.
10;

Fig. 12 shows partially further embodiment of the

circuit arrangement according to the present invention, in

- which embodiment frequency response curve data as well as

audio signals are magnetically stored so that each audio
signal is accompanied by fregquency response curve data;
Fig. 13 is a schematic .view showing data and audio
signals alternately written on the magnetic tape used in
the embodiment of Fig. 12;
Fig. 14 is a schematic diagram of another example of
the frequency response control circuit shown in Fig. 1;
Fig. 15 is a diagram showing a portion of a
plurality of variable resistor circuits shown in Fig. 14;
Fig. 16 is a schematic diagram of an integrated

circuit which actualizes a main part of the frequency



10 .

15

20

25

0119791

- 10 -

response control circuit of Fig. 14;

Fig. 17 is a diagram useful for understanding the
operation of the integrated circuit of Fig. 16; and

Fig. 18 is a schematic diagram of another example of
the freguency response control circuit shown in Fig. 1. |

The same or corresponding elements and parts are
designated at like reference numerals throughout the

drawings.

Referring now to Fig. 1, a schematic block diagram
of an embodiment of the circuit arrangement according to
the present invention is shown. The circuit arrangement
comprises a reference noise source 11, such as a pink noise
generator, a first selector 13 for selecting either pink
noise from the pink noise generator 11 or an audio signal
from a sound source 12, such as a radio, tape recorder or
the like. The first selector 13 as well as other
selectors, which will be described hereinlater, may be
analog multiplexer which is controlled by a selection
signal from a micrcomputer. An output signal from the
first selector 13 is fed to a frequency response control
circuit 14, which functions as an automatic graphic
equalizer, so that a desired frequency response is given to
the signal. The frequency response control circuit 14

comprises an amplifier 15, a plurality of variable resistor

networks or
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circuits 16l to 16n, and a plurality of resonance circuits
17l to l7n’ wherein "n" is a positive integer corresponding
to the number of frequency bands at which an input audio
signal is to be controlled, and "n" will be used to
indicate the band number throughout the specification. An
output signal from the frequency response control circuit
14 is amplified by a power amplifier 18 which drives a loud
speaker 20. Thus an adéio signal is emitted from the
speaker 20 to a sound field 19 in‘;hich a calibrated
microphone 21 is placed to pick up sound in the sound field
19, detecting the sound pressure level at the location of
the microphone 21. An audio signal from the microphone 21
is amplified by a variable-gain amplifier 22 to be fed to a
plurality of filter circuits 24l to 24 via a second
selector 23. These filters 24l to 24n are band pass
filters having different pass bands so that an entire audio
signal frequency range is divided into a plurality of
frequency bands fl; £2, ... fn, such as 12 bands whose

center frequencies are for instance 16 Hz to 32kHz. Each

filter circuit 241... 24n is followed by a detector 25, to

1
25n’ and output signals from these detectors 25l to 25n are
fed to an AD converter 27 via a third selector 26 which
selectively supplies the AD converter 27 with each output

signal from the plurality of detectors 25l to 25n' AD

converted signal from the AD converter 27 is fed to a
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control unit 28, such as a microcomputer, to detect the
frequency response of the sound field 19 and to control the
frequency response control circuit 14 so that a desired
frequency response is obtained.

Although the filter circuits 241 to 24n and
detectors 251 to 25n as well as the AD converter 27 are
employed fof effecting frequency or spectrum analysis in
the illustrated embodiment, such frequency analysis may
also be effected by Fast Fourier Transform which can be
executed by the microcomputer 27.

The microcomputer 28 comprises a CPU (central
processing unit), a ROM (read-only memory), a RAM
(random—-access mémory), an I/0 (input-output) port, and a
timer. The mirocomputer controls not only the frequency
response control circuit 14 but also the above-mentioned
first to third selectors 13, 23 and 26 so that a desired
signal is respectively selected therein. Furthermore, the
AD converter 27 is also controlled by the microcomputer 28.
Instructions for operating a predetermined program is
prestored in the ROM so that the CPU operates accordingly.
In addition data indicative of a plurality of frequency
responses is prestored in the ROM of the micrcomputer or in
an additionally provided ROM 29 so that a desired one may
be selected in accordance with a signal from a manually
operable switch or a keyboard 80. These ROMs will be

simply referred to as ROM without distingushment
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therebetween since their operation is identical.

A display unit 31 and a display drive/control
circuit 30 are provided for visually indicating a frequency
response curve by reading one of prestored curve data or by
analyzing the spectrum of an input audio signal as will be
described hereinlater. The display control circuit 30 is
responsive to the output signals from the detectors 25l cee
25n for controlling the display unit 31 where the display
control circuit 30 is controlled by a signal from the
microcomputer 28.

Fig. 2 shows the frequency response control circuit
14 of Fig. 1. The amplifier 15 of the frequency response

control circuit 14 of Fig. 1 comprises an input resistor

Ra, an operational amplifier 34, and a feedback resistor

1 to 16n

and the plurarlity of LC resonance circuits l7l,to 17n are

connected to the operational amplifier as shown such that n

Rb. The plurality of variable resistor networks 16

pairs of the variable resisotr network and the LC resonance
circuit are provided for covering n bands. The variable
resistor network 16; associated with a corresponding LC
resonance circuit 17, has a structure as shown in detail in
Fig. 3. Namely, each variable resistor network 16
(wherein "i" is a postive integer indicating any of 1
through n) comprises a plurality of resistors R1, R2, ...
R2m-1, R2m which are connected in series between

noninverting input (+4) and an inverting input (-) of the
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operational amplifier 34 via terminals 36 and 37, and a
plurality of switches S1, S2, ... S2m-1, S2m respectively
connected between a terminal 39 and one end of respective
resistors R1 ... R2m to constitute a ladder structure as
shown. The terminal 39 is connected to an input terminal
of the LC resonance circuit l7i.

. A terminal 38 connected to‘a junction between
resistors Rm aﬁﬁ Rm+l is grounded, functioning as a center

tap. Therefore, the combination of the resistors R1l

R2m and the switches S1 ... S2m functions as a variable
resistor having two end terminals 36 and 37, a center tap
38, and a movable contact terminal 39.

Each variable resistor network 16i causes the
operational amplifier 34 to either decrease or increase
gain with respect to an input signal of a narrow band
defined by an associated LC resonance circuit 17i where a
center frequency of the narrow band equals the resonating
frequency of the LC resonance circuit l7i‘ The plurality
of switches S1 ... S2m are arraanged such that only one of
them is selectively closed while remaining switches remain
open. When the switch S0 connected to ground via the
terminal 38 is closed, the gain of a loop of the
operational amplifier 34 with respect to the narrow band
defined by the associated resonance circuit l7i' is set to

predetermined value. When one of left half switches S1

Sm positioned close to the terminal 36 is closed, the gain
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is lowered such that the degree of attenuation increases as
a switch closer to the terminal 36 is closed. On the other
hand, when one of right half switches Sm+l to S2m
positioned close to the terminal 37 is closed, the gain is
raised such that the gain increases as a switch closer to
the terminal 37 is closed.

When it is intended to determine and correct the
frequency response, the pink noise from the piﬁk noise

generator 11 is selected by the first selector 13 to be

applied to the fregquency response control circuit 14.

Assuming that a given frequency response is given to the
pink noise by the frequency response control circuit 14 so
that such pink noise is emitted from the speaker 20 to the
sound field, the frequency response is changed by a
frequency response determined by an accoustic
characteristic inherent to the sound field 19. As a
result, such a changed or modified frequency response will
be detected by picking up the sound in the sound field by
way of the microphone 21. The changed frequency response
is then compared with one of a plurality of predetermined
frequency response curves selected from the ROM to find the
difference therebetween. This difference, i.e. difference
in decibel at each band, is then used to produce a control
signal which in turn fed to the frequency response control
circuit 14 to suitably select one of the switches Sl ...

S2m in each variable resistor network 161' Therefore, the
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loop gain of the operational amplifier 34 at respective
bands is optimally controlled so as to obtain a desired
frequency response. After the frequency response control
circuit 14 has been desirably controlled, the first
selector 13 is switched to select an input audio signal.
Therefore, the input audio singal from the sound source 12
is given to the sound field 19 with a desired frequency
response being given thereto. ?
The second selector 23 is normally set so that the
output signal from the variable gain amplifier 22 is fed to
the plurality of filter circuits 244 to 24,. When it is
intended to display the frequency response given to the
input signal by the frequency response control circuit 14,
the second selector 23 is controlled to select the output
signal from the frequency response control circuit 14 as

will be described hereinlater.

The detector 25i each responsive to a corresponding
filter circuit 25; produces a DC voltage signal indicative
of the amplitude or level at each band.

The third selector 26 is arranged to select the
plurality of output signals from the plurality of detectors

25, to 25 in seqguence such that each output is cyclically

fed to the AD converter 27.
Fig. 4 shows a circuit diagram of the AD covnerter

27 of Fig. 1. Although any of well known AD convertors may

be used as the AD converter 27, the AD converter shown in
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Fig. 4 is actualized by the combination of the
microcomputer 28 and a circuitry having a plurality of
buffer amplifiers 42; to 42, where "k" is a positive
integer, a resistor ladder network having horizontal
resistors, whose resistance is 2R, and vertical resistors,
whose resistance is R, and a comparator 41. The buffer

amplifiers 42, to 42, and the resistors constitute a known

=DA converter responsive to digital data from the

microcomputer 28. This DA converter produces an analog
voltage stepwisely rising, which voltage is applied to an
input terminal of the comparator 41 having another input
terminal for receiving the output signal from the third
selector 26 via a terminal 40. To this end the
microcomputer 28 is arranged to ouput digital data
indicative of a voltage which increases stepwisely by a
predetermined value. Namely, as will be described
hereinlater a software counter within the CPU is arragned
to increase its count at a predetemined interval to produce
such digital data varying in sequence. Thus the comparator
41 compares the level of the signal from the third selector
26 with the stepwisely varying voltage from the ladder
network DA converter such that a an output signal of a
predetermined polarity is produced at its output at a
timing defined by the level of the signal from the third
selector 26. This output signal is fed to the

microcomputer 28 so that the instance where the level of
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the signal from the third selector 26 equals the voltage
from the DA converter, is detected by counting the number
of clock pulses between a reference timing and the
appearance of the output signal from the comparator 41. As
a result, the voltage from the detector ZSi is converted
into digital data. The above operation is effected with
respect to each band so that digital data indicative of the
level of the sound in the sound field 19 is obtained to
determine the accoustic characterstic or frequency response
of the sound field 19.

Fig. 5 is an explanatory diagram showing a level
range which can be controlled or corrected by the circuit
arrangement according to the present invention. The
references £1, £2 ... fn indicate center frequencies of the
plurality of bands, such as 16Hz, 31.5Hz, 63Hz ... l6kHz,
and 32kHz, where level control, namely boosting or
attenuation is effected. A freguency response curve I
shows a state in which maximum boosting amount, i.e. level
increasing amount, is given to an input signal throughout
the entire audio freguency range, while another frequency
response curve II1 shows a state in which maximum
attenuating amount, i.e. level decreasing amount, is given
to the same. Therefore, it is possible to give any desired
frequency response curve to an input audio signal within

the level range defined by the two curves I and II.
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Fig. 6A shows a time chart of signals fed from the
microcomputer 28 to the frequency response control circuit
14 of Fig. 1. Although Fig. 1 shows only a single line
connected between the micrcomputer 28 and the frequency
response control circuit 14 for simplicity, there are three
lines for sending a clock pulse singal, a data signal, and
a strobe signal. The data signal includes first and second
data words of serial bits as will be deséribed in detail
hereinlater.

Fig.. 6B shows the relationship between the
microcomputer 28 and the freguency response control circuit
14 which actually comprises an interface 318 responsive to
the above-mentioned three sorts of signals. The amplifier
15 and the LC resonance circuits 171 to 17 of Fig. 1 are
not shown in Fig. 6B for simplicity. The interface 318 is
used to decode serially fed data from the microcomputer 28
so that one of n variable resistor circuits 16l to 16n is
controlled at one time. Detailed structure and operation
of the interface 318 and variable resistor circuits 16, to

1
lGn controlled by the interface 318 will be described

hereinlater.

The operation of the microcomputer 28 will be
described in further detail with reference to flowcharts of
Figs. 7A and 7B. Referring first to Fig. 7A after power is

supplied to the microcomputer 28, necessary initialization
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is effected. Then in a step 100, a desired frequency
response curve, such as a flat curve, is stored in the RAM
by reading out one of predetermined frequency response
curves prestored in the ROM in accordance with instructions
manually inputted by way of the key 80 (see Figs. 1 and 9).
In a following step 102, a count C of a software counter is
set to 1. This count C is used to designate one of the
bands £1 to fn, and therefore, the lowest fregquency band,
whose center frequency is 16 Hz in this embodiment, is
designated when the count C is 1. Then in a step 104, data
indicative of fréquency response or signal level at a
designated band is stored in the RAM by using the count C.
Namely, when the'count C is 1, frequency response or level
in dB at the lowest frequency band (£1=16Hz) is stored.
Then in a step 106, the first selector 13 is controlled so
that the pink noise is selected, and in a step 108 the
second selector 23 is controlled so that the output signal
from the microphone 21 is fed via the variable gain circuit
22 to the filter circuits 24l to 24n. Then in a step 110,
the third selector 26 is controlled so that the output
signal from one of the detectors 25, to 25n is selected by
using the above-mentioned count C. Namely, in the case
that the count C is 1, the output signal from the detector
251, indicative of the level of the lowest frequency band

£l is selected and fed to the AD converter 27. In a step
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112, AD conversion is effected, and digital data resulted
from the AD conversion is stored in a predetermined address
of the RAM in a step 114. Then in a step 116, digital data
indicative of the measured signal level at the selected
band is compared with digital data representing signal
level constituting the desired frequency response curve in
a step 116, and it is subsequently determined whether they
are equal to each other or not in a step 118.

If the result of the step 118 is YES, namely, when
the level at the selected band is equal to the level of the
desired freguency response, there is no need to adjust the
gain of the amplifier 15 of the frequency response control
circuit 14. Therefore, the count C is increased by 1 to
perform operations similar to the above in connection with
a next band in a step 120. On the other hand, if the
determination in the step 118 is NO, namely if there is a
difference between the desired frequency response or level
and the measured level, a step 126 is executed to obtain
the difference, and a value or amount of necessary
correction is computed.

Once amount of correction to be made is determined,
the microcomputer 28 produces, in a step 128, an output
signal which controls the frequency response control
circuit 14 so that the frequency response at the selected

band is adjusted as will be described in detail with
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reference to another flowchart of Fig. 7B hereinafter.
After the completion of the step 128, the operational flow
goes to the step 108 to repeat similar operations. A step
122 is executed after the step 120 to see whether the count
C equals 12 or not since the embodiment circuitry is of 12
band system. If the determination in the step 122 is NO,
namely if the count C is smaller than 12, a desired

~

frequency response data at a next band is stored in the RAM
in the step 104. After this, tﬁé above-described steps are
repeatedly executed until the count C reaches 12. When the
count C equals 12, the routine of Fig. 7A is terminated.
Fig. 7B shows a detailed flow chart of the step 128
of Fig. 7A. At first in a step 130, the clock singal is
sent to the frequency response control circuit 14 such that
the clock signal is fed to the terminal i (see Figs. 6B and
14). In a step 132, a first data word including
band-desination data is fed to the terminal h, and then in
a step 134 the strobe signal is fed to the terminal j.
Then in a step 136, a second data word including level data
indicative of the amount of correction to be made is fed to
the terminal h, and subsequently in a step 138 another
strobe signal is fed to the terminal j. Then in a step
140, sending of the clock pulse signal to the freguency

resposne control circuit 14 is terminated. These signals

fed to the terminals h, i and j of the frequency response
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control circuit 14 will be used so that signal level is
controlled at each band as will be described in detail
hereinlater with reference to Figs. 14, 15 and 16.

In the above-described embodiment although one of a
plurality of predetemined frequency response curves is read
out from the ROM to be compared with the AD converted data
so as to control the frequency response in a desired
manner, the frequency response desired to be éiven to the
audio signal may be manually controlled if a manually
operable frequency response setting device is provided.

Hence, reference is now made to Fig. 8 showing a
circuit which is capable of giving a frequency response in
a desired manner in accordance with instructions from a
user. In Fig. 8 the reference 90 is an array of a
plurality of variable resistors Ral to Ran which are
manually operable for inputting any desired frequency
response curve. Therefore, the user may manipulate knobs
of the variable resistors Ral to Ran so as to set % desired
frequency curve in the same manner as in the case of
conventional graphic equalizer. Each variable resistor Rai
is supplied with a predetermined DC voltage so that an
output voltage from each variable resistor Rai varies
depending on the position of its movable contact. Voltages
from these variable resistors are fed to the microcomputer

28 via a multiplexer 92 controlled by the microcomputer 28,
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to be converted into digital data first and are then
written into the RAM. As a result, the frequency response
data manually inputted via the variable resistors Ral to
Ran is used to be compared with AD converted data from the
AD converter 27.

Therefore, when it is intended to use and set a
frequency response curve, which is other than those
prestored in the ROM, the above-mentioned variable
resistors Ral to Ran are used. In the case that it is
desired to use one of the frequency response curves
prestored in the ROM again after a manually set frequency
response curve has been used, the key 80 may also be used
(see Fig. 1). A frequency response curve set in any of
these ways, may be visuvally displayed at the display unit
31 as described in the above so that the user can recognize
which frequency response curve is being used.

Fig. 9 shows a front panel of a frequency response
correcting device made in accordance with the present
invention. Although in Fig. 8 a plurality of variable
resistors Ral to Ran are used to manually input a desired
frequency response curve which is to be given to an input
audio signal, such plurality of variable resistors may be
replaced with a plurality of switches and a software of the
microcomputer 28. Namely, a pair of switches SWUl and SWD1

is provided for each band as shown in Fig. 9 so that signal
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level at each band is either raised (boosted) or lowered
(attenuated) stepwisely by depressing these switches such
that the microcomputer 28 detects the number of times or
time length of deprssing these switches SWUl and SWDL.
Each of the switches SWUl to SWUl2 is used for increasing
the signal level, while each of the switches SWUl to SWD12
is used £or decreasing the the same. Namely, the
microcomputer 28 is o programmed that the signal level in
dB in each band is éither increased or decreased depending
on the number of times or time length of depressing the
switches SWUi and SWDi.

The reference 31 in Fig. 9 indicates a front portion
of the display unit 31 of Fig. 1. The display unit 3i
comprsies n sections each corresponding to n bands, i.e. 12
bands in the illustrated example. Each section comprises a
plurality of light-emitting elements such as VFDs or LEDs
arranged to be driven by the display drive/control circuit
30. In Fig. 9 energized light-emitting elements are shown
by black bars. The plurality of ligth-emitting elements
constituting each section are arranged vertically so as to
provide a bar-graph type display which is used to show
either a frequency response control curve desired to be
given to an input signal, or a frequency response curve of
an input audio signal. In other words, when thé second

selector 23 of Fig. 1 is controlled to select the output
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signal from the frequency response control circuit 14 or
the output signal from the first selector 13, the spectrum
of the input audio signal can be visually diplayed by the
display unit 31. Therefore, the circuit arrangement of
Fig. 1 may also be used as a spectrum analyzer which
visually exhibits signal levels at various frequency bands
f1 to fn. When it is intended to manually input a desired
frequency curve as described in the above by way of the
buttons SWUl to SWU1l2 and SWD1l to SWD12, the display unit
31 may be used as a level indicator at each band so that
accurate input can be effected.

Although the level increase/decrease switches and
the display unit 31 of Fig. 9 are shown to be used for only
a single channel of an audio signal, the arrangement of
Fig. 9 can be doubled so that both left and right channel
signals of a stereo system can be processed simultaneously.

-In the above-described embodiments although some
predetermined frequency response curve data are prestored
in the ROM, such data may be derived from an external
storage device, such as magnetic recording tape, floppy
disc or the like.

Fig. 10 shows another embodiment in which such
frequency response data is arranged to be read out from a

magnetic recording tape by way of a tape recorder.
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Furthermore, a desired frequency response manually set to
the circuit arrangement may be stored in the magnetic tape.
In the system of Fig. 10, a modulator or a coder 60 and a
demodulator or a decoder 61 are employed so as to record
and reproduce digital data on and from a magnetic tape 50
within a tape recorder 62, such as a cassette tape
recorder. Fig. 10 only shows a part of the embodiment
which is different from the embodiment of Fig. 1.

In order that the magnetic tape functions in the
same manner as the above-mentioned ROM, some of
predetermined frequency response curve data are prestored
in the magnetic tape 50 as shown in Fig. 11. Namely,
assuming that the magnetic tape 50 travels in a direction
indicated by an arrow, a first frequency response curve
data is stored such that an information head signal, such
as a framing code, is written on a portion 51, and a
plruality of codes each indicative of each band and a
plurality of codes each indicative of level in 4B at each
band are alternately written on respective sections 521 ...
52n and L1 ... Ln. In this way second, third ... frequency
response curve data are prerecorded in sequence on the
mangetic tape 50. In Fig. 11, the references 54, 55; and
56, are a second frequency response curve data portions
respectively corresponding to portions 51, 52, and 53l for

the first frequency response curve data, where the
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references £1, £2 ... fn indicate band-designation data and
the references L1, L2 ... Ln indicate level data for each
band. In this way, a plurality of frequency response curve
data of a predetermined format is prestored in the form
suitable for magnetic recording/reproducing in sequence as

time series.

When it is intended to give a predetermined
hfrequency response to an input audio signal, one of the
predeterminéd frequense response curve data is read out
from the magnetic tape 50 to be compared with the AD
converted data from the AD converter 27. Remaining
operation for giving such a frequency response to the input
audio signal in this embodiment is the same as in the
previous embodiments, and therefore repetitive description
thereof is omitted.

In addition that the magnetic tape 50 is used in
place of the ROM of Fig. 1, it can also be used as a
permanent storage device for storing digital data relating
to frequency response data representing a desired curve
manually inputted by the variable resistors 90 of Fig. 8 or
the switches SWD1l to SWD1l2 and SWUl to SWU1l2 of Fig. 9. 1In
order to write such data from the microcomputer 28, the
data is first modulated in accordance with a predetermined
modulating system in the modulator 60 so as to produce a
signal suitable for magnetic recording. The modulator 60

includes a filter for limiting the frequency range of the
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modulated signal so that it is within an audio frequency
range, and such a frequency-limited signal is fed to the
tape recorder 62 to be written on the magnetic recording
tape 50. Such frequency response data obtained by the
microcomputer 28 may be written on an unused portion of the
magnetic tape 50 or on a separate tape.

Reference is now made to Fig. 12, which shows
another embodiment of the present invention. The circuitry
shown in Fig. 12 may be used in place of the combination
the frequency response control circuit 14 and the computer
28 of Fig. 1 such that an input terminal 70 is used to
receive the output signal from the first selector 13, while
an output terminal 76 is connected to the input of the
power amplifier 18 and the input of the second selector 23.
The circuitry of Fig. 12 comprises a fourth selector 72, a
fifth selector 75, a freguency response control ci:cuit 14
and a microcomputer 28 both having the same structure as
that of Fig. 1, a demodulator 73 and a modulator 74
functioning in the same manner as in Fig. 10.

The embodiment of Fig. 12 operates as follows. When
it is intended to determine the frequency response of the
sound field 19 and to give a frequency response to the
audio signal from the sound source 12 (see Fig. 1), one of
predetermined freguency response curve data is read out

from the magnetic recording tape 50 of the tape recorder 62
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in the same manner as described in the above. Namely, the
fourth sélector 72 is controlled by the microcomputer 28 so
as to select an output signal reproduced by the tape
recorder 62, and this signal is fed via the demodulator 73
to the microcomputer 28. Then the fourth selector 72 is
switched so as to select the output signal from the first
selector 13 which is controlled to select th pink noise
from the pink noise generator 11. At this time the =
microcomputer 28 is arranged not to receive the output
signal from the demodulator 73. Thus the pink noise is fed
to the frequency response control circuit 14 which is
controlled by the microcomputer 28 in accordance with the
frequency response curve data from the magnetic tape 50 so
that a desired freguency response characteristic is given
to the pink noise. The pink noise having such a freguency
response is then fed from the frequency response control
circuit 14 via the fifth selector 75 to the power amplifier
18 of Fig. 2. At this time the tape recorder 62 is
prevented from operating either automatically by a control
signal from the microcomputer 28 or manually. Therefore,
the pink noise is emitted from the speaker 20 to the sound
field 19, and thus the fregquency response control circuit
14 is controlled by the output signal from the
microcomputer 28 in the same manner as in previous

embodiments so that necessary frequency response curve
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setting is effected in the same manner as in the previous

embodiments.

After a desired frequency response curve is set in
the frequency response control circuit 14, data indicative
of the desired frequency response curve is sent from the
microcomputer 28 to the modulator 74 to convert the data
signal into a signal suitable for magnetic recording, and
theq;an output signal from the modulator 74 is fed via the
fifth selector 75 to the tape recorder 62 to be recorded or
written on the magnetic tape. The digital data indicative
of the desired frequency response curve may be written on
the magnetic tape 50 in the same manner as shown in Fig.
11.

Furthermore, the tape recorder 62 may be used for
not only recording such digital data but also audio signals
which are subjects of frequency response control. When it
is intended to give a desired frequency response curve to a
specific piece of music from the sound source 12, such as a
record player, a desired freguency response curve is set
manually in the same manner as described in the above by
listening to played back music or the like. Then digital
data indicative of such frequency response is first
recorded on the magnetic tape 50. Then the frequency
response control circuit 14 is reset so that a flat
frequency response curve is achieved for recording the

music from the sound source 12 without changing its
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frequency response on the magnetic tape 50. In this way a
plurality of pieces of music may be recorded in sequence on
the magnetic tape 50 such that each piece of music on the
magnetic tape 50 is accompanied by corresponding digital
data as shown in Fig. 13 where portions of digital data are
indicated at the references 78l and 78j, and music signal
portions by 794 and 79j. Therefore, it is possible to give
different frequency response curves to respective pieces of
music in accordance with user's liking.

Once desired frequency response curve suitable for
each piece of music is determined and written on the
magnetic tape as shown in Fig. 13, it is possible to
automatically givé the fregquency response curve to the
following piece of music whenever the magnetic tape 50 is
played back since the digital data is first read out and is
used to control the frequency response control circuit 14
in the same manner as described in the above. In order
that the circuit arrangement of Fig. 12 operates in the
above-mentioned manner, the fourth and fifth selectors 72
and 75 are controlled by selection-control signals from the
microcomputer 28.

Referring now to Fig. 14, a circuit diagram of the
frequency response control circuit 14, whose structure is
different from that of Figs. 2 and 3, is shown. The

frequency response control circuit 14 of Fig. 14 is
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arranged to process two different audio signals, such as
first and second channel audio signals or left and right
channel signals in a stereophonic system. Furthermore, the
circuit arrangement of Fig. 14 comprises two operational
amplifiers for each channel. Moreover, the arrangement of
the plurality of resistors constituting variable resistor
circuits 161 to 16n is different\from that of Fig. 3.

In Fig. 14, a portion enclosed by a d¢t—dash line
incluaes the plurality of electronic variable resistor
circuits VRiA and VRiB corresponding to those 16i of Figs.
2 and 3, and an interface circuit 318 resposive to signals
from the microcomputer 28, and these circuits enclosed by
the dot-dash line may be constructed as an integrated
circuit (IC). The references a, b, é, d, e, £, g, h, 1, k,
1 and ml1, m2 ... ml4 are terminals of such an IC. The
terminals h, i, j are used for receiving instructions from
the microcomputer 28 as briefly described in the above with
reference to Fig. 6B and the flowchart of Fig 7B. The
terminals k and 1 are ground terminals for digital data and
analog signals. The illustrated frequency response control
circuit 14 is designed such that the number of bands for
each channel is 7, namely, n = 7 where two sets of

resonance circuits l7l to 177 and 178 to 171 are provided.

4
To this end, the IC comprises the above-mentioned interface

circuit 318, a first set of 14 variable resistor cirquits
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VRIA ... VR1l4A, a second set of 14 variable resistor
circuits VR1IB ... VR14B, resistors R1l1l, R12, R2l1, R22,
R16A, R16B, R26A and R26B, and switches S16A, S16B, S26A
and S26B. Each of the variable resistor circuits VR1A to
VR14A and VRIB to VR14B comprises six resistors RO, Rl R
R5 having different values and six FET switches S0, S1 ...
S5 as shown in Fig. 15. Namely, each variable resistor
circuit VRiA or VRiB comprises a parallel circuit of six
series circuits of a resistor RO (Rl ... R5) and a switch
SO0 (S1 ... S5) as clearly seen in Fig. 15. Since one or
more!of the six switches S0 to S5 which are normally open
can be closed as will be described hereinlater, the
resultant parallel resistance of each variable resistor
circuit VRiA or VRiB can assume 26 different values. A
pair of variable resistor circuits VRiA and VRiB correspond
to the variable resistor circuit 16i of Fig. 3. Namely,
the pair of variable resistor circuit VRiA and VRiB are
provided for each band. The resistor Rll is connected
between the terminals a and b, while the resistor R12 is
connected between the terminals c¢ and d. Similarly the
resistor R21 is connected between the terminals e and f,
while the resistor R22 is connected between the terminals f
and g.

Two pairs of operational amplifiers are connected to

the IC such that an inverting input (-) of an operational
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apmplifier 303 is connected to the terminal a; an output
terminal of the operational amplifier 303 is connected to
the terminals b and c; a noninverting input (+) of an
operational amplifier 304 is connected to the terminal 4;
an inverting input (-) of an operational apmplifier 308 is
connected to the terminal e; an output terminal of the
operational amplifier 308 is connected to the terminal f£; a
noninverting input (+) 6f an operational amplifier 306 is

connected to the terminal g. Fourteen resonance circuits

17 to 1714 each of which may have the same structure as

that used in the arrangement of Fig. 2, are respectively
connected to terminals ml, m2 .. ml4 of the IC so that each
resonance circuit 17i is connected to one eqd of two
variable resistor circuits VRiA and VRiB.

The other end of each of the variable resistor
circuit VR1A ... VR7A is connected to a series circuit of
the resistor R16A and the switch S16A, while thé other end
of each of the variable resistor circuit VRIB ... VR7B is
connected to a series circuit of the resistor R16B and the
switch S16B. Similarly, the other end of each of the
variable resistor circuit VR8A ... VR14A is connected to a
series circuit of the resistor R26A and the switch S264,
while the other end of each of the variable resistor
circuit VR8B ... VR14B is connected to a series circuit of

the resistor R26B and the switch S26B. One end of each of
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the series circuit of the resistor R16A (R16B, R26A, R26B)
and the switch S16A (S16B, S26A, S26B) is grounded.

The above-mentioned other end of each of the
variable resistor circuits VR1A to VR7A is connected via
the terminal a to the noninverting input (-) of the
opertional amplifier 303, while the other end of each of
the variable Fesistor circuits VR1B to VR7B is connected
via the terminal d to the-~noninverting input (+) of the
operational amplifier 304L Similarly, the other end of
each of the variable resistor circuits VR8B8A to VR14A is
connected via the terminal e to the noninverting input (-)
of the opertional amplifier 308, while the other end of
each of the variable resistor circuits VR8B to VR14B is
connected via the terminal g to the noninverting input (+)
of the operational amplifier 306.

The above-mentioned switches S16A, S16B, SZéA, S26B,
and S0, S1 ... S5 in each wvariable resistor circuit VRiA
(VRiB) are analog switches, such as FETs as shown in Fig.
15, and these analog switches are controlled by output
signals from the interface circuit 318 so that each switch
may assume on or off state as will be described in detail
hereinlater.

Fig. 16 shows a block diagram of the IC of Fig. 14

so that a detailed structure of the interface circuit 318

will be understood. In Fig. 16, portions other than the
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resistors R1ll, R12, R21, R22, R1l6A, R1l6B, R26A and R26B,
the switches S16A, S16B, S26A and S26B, and the variable
resistor circuits VR1A to VR14A and VR1B to VR14B, are
parts or elements constituting the interface circuit 318.
The interface circuit 318 comprises a shift register
320, an input gate 321, a latches 322, 3241 to 324,,, a
decoder 323, gates 325l to 32514, 326l to 32614. The shift
register 320 is of serial-in, parallel-out type, and
comprises a 8-bit storage whose serial input terminal is
responsive to the data signals from the terminal h. The
clock signal fed from the microcomputer 28 via the terminal
i to the shift register 320 is sued as a shift clock. The
input gate 321, which may comprises two AND gates and an
inverter (both not shown), is responsiVe to the strobe
signal from the terminal j and one of the parallel outputs
of the shift register 320. The latch 322 comprises first

and second sections where the first section being of 2-bit,

‘and the second section being of 4-bit, and the latch 322 is

arranged to temporarily store 6 bits of the parallel
outputs from the shift register 320. The latch 322 is
enabled by a signal from the gate 321 when the eighth bit,
i.e. the leftmost bit, from the shift register 320 is of
logic "1" in the presence of the strobe signal. The
decoder 323 is responsive to outputs from the second

section of the latch 322 and is enabled by another output
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signal from the gate 321 when the eighth bit from the shift
register 320 is of logic "0" in the presence of the strobe
signal so as to decode data from the latch 322 to
selectively enable one of the latches 3241 to 32414. Each
of the latches 3241 to 324l4 is responsive to first 7-bit
data of the parallel outputs from the shift register 320
for temporarily storing the same, and output data. therefrom
is fed to the gates 325l to 325;, and 326; to 32614

respectively which are respectively enabled by one of the

~output signals from each of the latches 324, to 324y4. The

gate circuits 3257 to 3257, and 326; to 326y, may be buffer

amplifiers arranged to output its input data in the

presence of an enabling signal. The gate circuits 325l to

32514 and 3261

control signals used for respectively closing the switches

to 326l4 send their outputs as switch

80 to S5 (see Fig. 15) of the variable resistor circuits
VRiA an.d VRiB.

Output signals from the above-mentioned first
section of the latch 322 are fed respectively to the two
pairs of the switches S16A, S16B and S26A and S26B for
selectively closing these switches. The variable resistor
circuits VRiA are used for raising the level of the audio
signal while the other variable resistor circuits VRiB are

used for lowering the level of the same.

Prior to describing the operation of the circuits
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within the IC of Fig. 16, the contents of the instruction
signal fed from the microcomputer 28 to the shift register
320 is described with reference to Fig. 17. Fig. 17 shows
the contents of the 8-bit data stored in the shift register
320 in receipt of the data or control signal fed from the
microcomputer 28 via the terminal h. First to fouth bits
of each data word stored in the shift register 320 are
designateﬁ at S/R; fifth and sixth bits being designated at
D/R; seventh bit being designated at D/U; and.an eighth bit
being designated at SEL. This digital daté fed from the
microcomputer 28 may be either a first data word whose
eighth bit SEL is of logic "1" or a second data word whose
eighth bit SEL is of logic "0". The microcomputer 28 is
arranged to normally output the first data word, and thén
outputs the strobe signal. Therefore, when the strobe
signal is fed to the terminal j, the eighth bit SEL of the
digital data stored in the shift register 320 is of logic
"1" normally.

The first data word of 8-bit is designated at 331,
while the second data word of 8-bit is designated at 332.
The gate circuit 321 is responsive to the eighth bit SEL,
which is of logic "1", and to the strobe signal from the
terminal j so that a 1atéh pulse is fed to the latch 322
and a decoder-enabling signal is fed to the decoder 323 in.

the presence of the strobe signal when the eighth bit SEL
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is of logic "1™ or "0" as described in the above. As shown
in Fig. 17, the seventh bit of the first data word 331
whose eighth bit is of logic "1", is indicated at X and is
not used. Digital data formed by the first to fourth bits
S/R of the first data word is stored in the second section
of the latch 322 in the presence of the latch pulse fed
from the gate circuit 321 in response to the strobe signal.
Simultaneously, digital data formed by the fifth and sixth
bits D/R is stored in the first section of the latch 322.
The data having the first to fourth bits S/R stored
in the second section of the latch 322 is fed to the .
decoder 323 as a 4-bit digital data where the first bit is
an LSB (least significant bit) and the fourth bit is an MSB
(most significant bit). The decoder 323 decodes the 4-bit
data from the latch 322 in response to the decoder-enabling
signal from the gate circuit 321 so as to produce a latch
pulse signal which selects one of the latches 324l to
324;,. Namely, the order of the latches 324; to 324y, is
indicated by a number of hexadecimal number system, which
is obtained by decoding the first to fourth bits S/R. For
instance, when the first to fourth bits assume "0111", this
equals "7" in hexadecimal number system, and therefore,
only the seventh latch 3247 receives the latch pulse. From

the above, it will be understood that the first to fourth

bits S/R of the first data word are used to designate one
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of-the'bands whose number is 14 in the embodiment of Fig.
16. To this end the first to fourth bits of the first data
word assume a predetermined bit pattern among 14 bit
patterns other than "0000" and "1111".

The fifth and sixth bits D/R are temporarily stored
in the first section of the latch 322 so as to be used for
controlling the analog switches S16A, S16B, S26A and S26B.
When the fifth bit D/R4 is of logic "1V, ba;h the analog
switches S26A and S26B are put in on state (closed staﬁé),
and when the same bit is of logic "0", the switches S26A
and S526B are rendered nonconductive (open or off state).
Similarly, when the sixth bit D/R5 is of logic "1", both
the analog switches S1l6A and 516B are put in on state, and
when the same bit is of logic "0", the switches S16A and
S16B are rendered nonconductive. From the above it will be
understood that the fifth and sixth bits are used as
switching data for the switches S16A, S16B, S26A and S26B,
where these switches determine the amount of increase or
decrease in the signal level caused by variation in the
on-off state of the analog switches S0 to S5 of the
variable resistor circuit VRiA or VRiB. In other words,
while the level of the signal at each band will be
increased or decreased depending on the on-off state of the
analog switches S0 to S5 as will be described hereinafter,

the amount of level change in each step in the stepwise
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control is changed from 1 4B to 2B or vice versa for
instance. Therefore, these two bits D/R determine the
level increase or decrease amount. In detail, when the
analog switch S16A or S26A is in off state, the resistor
R16A or R26A is not connected in parallel to the series
circuit of the variable resitor circuit VRiA or VRiB and
the resonance circuit 17, and thus the resistance between
tﬁ% terminal a and ground is simply determined by the
resistance of the variable resistor circuit VRiA or VRiB.
On the other hand, when the analog switch S16A or S26A is
in on state, the resistor R16A or R26A is coupled with the
above-mentioned series circuit causing a resultant parallel
resistance between the terminal a and ground to decrease.

The first data word 331 causes one of the latches
324l to 32414, which is provided for a designated band, to
perform latching operation until a subsequent first data
word 331 is received, while the analog switches S16A, S16B,
S26A and S26B are controlled such that a desired level
ajusting amount is set.

The microcomputer 28 then sends the second data word
332 to the terminal h of the IC, and clock pulses to the
terminal i. When all of the 8 bits of the second data word
332 have been sent to the shift register 320, the
microcomputer 28 sends the strobe signal to the terminal j.

At the time that the strobe signal is received, the eighth
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bit SET of the digital data stored in the shift register
320 is of logic "0", and the gate circuit 321 prodﬁces an
output signal which causes the decoder 323 to produce a
latching pulse with which the first to seventh bits of the
digital data of the shift register 320 are temporarily
stored in the latch 324, corresponding to a designated
band.

Among the seven bits stored in the latch 324i, the
seventh bit D/U is fed to the gates 325; and 326, . When
this seventh bit is of logic "1", the gate 325i'is made
open while the other gate 326; is made closed. On the
other hand when the seventh bit is of logic "0", the gate
325i is made closed while the other gate 326i is made open.
As a result, digital data formed by the first to sixth bits
among the seven bits stored in the latch 324i is fed via
one of the gates 325i and 326i to either the variable
resistor circuit VRiA or VRiA so that the six analog
sﬁitches S0 to S5 of the variable resistor circuit VRiA or
VRiB are selectively closed depending on the logic state of
the six bits. Namely, each bit of the first six bits from
the shift register 320 corresponds to each one of the six
analog switches S0 to S5. For instance, when the first bit
S/R0 is used to turn on and off the analog switch S0, and
the second to sixth bits are used to turn on and off the

remaining analog switches S1 to S5 as shown in Fig. 17. 1In
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this embodiment, when each bit is of logic "1", the
corresponding analog switch S1, S2 ... is closed, and when
logic "0", the same is made open.

As a result, resistor(s) connected to analog
switch(es) S0, 81 ... is(are) connected to the resonance
circuit 17i. Therefore, when more than one analog switches
80, 81 ... are closed, associated resistors R0, Rl

-~

coupled in parallel to obtain a resultant parallel

L ] are

resistance. Therefore, the resultant parallelv¥esistance
to be connected to the resonance circuit 17i decreases as
the number of closed analog switches S0, S1 ... increases.
Since either of the variable resistor circuit VRiA
or VRiB is selected by the seventh bit D/U as described in
the above, all the analog switches S0 to S5 of nonselected
variable resistor circuit VRiA or VRiB are left open.
Assuming that the variable resistor circuit VRiA is
selected, it will be understood that the change in the
resistace of the variable resistor circuit VRiA results in
the change in the amount of negative feedback signal, which
is fed back from the output of the operational amplifier
303 to the inverting input (-) of the same via the resistor
R1l as shown in Fig. 14. In detail, the smaller the
resultant parallel resistance of the variable resistor
circuit VRiA, the smaller the amount of negative feedback

signal. Namely, when the amount of negative feedback
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signal reduces, the loop gain of the operational amplifier
303 near the resonance frequency fi of the resonance
circuit 175 increases, thereby increésing the level of the
signal passing through the operational amplifier 303. From
the above it will be understood that the variable resistor
circuit VRiA causes the increase in the signal level at
each band. .

Now let us assume that the other variable resistor
circuit VRiB is selected. The variable resistor circuit
VRiB is connected in series with the resistor R12 such that
é junction between them is used to derive an output
voltage. In other words, the combination of the resistor
R12 and the variable resistor circuit VRiB constitutes a
voltage divider. Therefore, the smaller the resultant
parallel resistance of the variable resistor circuit VRiB,
the lower the voltage at the Jjunction. As the result, the
amount of attenuation increases as the resultant parallel
resistance of the variable resistor circuit VRiB increases,
thereby the signal level around the resonance frequeny fi
of the resonance circuit 17. is attenuated where the degree
of attenuation is controlled by the number of closed analog
switches S0 to S5 of the variable resistor circuit VRiB.
From the above, it will be understood that the variable
resistor circuit VRiB is used to determine the degree of

attenﬁation of the audio signal.
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As described in the above, the first and second data
words 331 and 332 from the microcomputer 28 are
respectively used to designate each band and provide
necessary level increase or decrease so as to determine the
signal level at each band. Since the first and second data
words 331 and 332, which are of 8-bit, are sent via a
single conductor line in a serial data form, only three
siéﬁal lines are needed for sending the first and second
data words 331wand 332, the clock pulse signal, and the
strobe signal from the microcomputer 28 to the freguecy
response control circuit 14. Furthermore, the legth of
each digital word is of only 8-bit, and therefore, the
structure of the interface 318 within the IC can be made
simple. Because of not only-such simple structure of the
interface 318 but also the particular arrangement of the
resistors R0 to R5 and the analog switches S0 to S5 in each
variable resistor circuit VRiA or VRiB, the main part of
the frequency response control circuit 14 of Fig. 2 can be
actualized by an IC as shown in Fig. 14.

Fig. 18 shows a modification of the frequency
response control circuit 14 described in the above with
reference to Figs. 14 to 17. The circuit arrangement of
Fig. 18 differs from the above-described one in that the

variable resistor circuit VRiA is connected to the

noninverting input (+) of the operational amplifier 303,
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while the other variable resistor circuit VRiB is connected
to the inverting input (-) of the same. As a result, a
resistor corresponding to the resistor R12 in Fig. 14 is
not needed. The structure of the variable resistor
circuits VRiA and VRiB is the same as that in Figs. 14 to
16, and the way of control of the analog switches S0 to S5
included in each varaible resistor circuit is also the
same. Namely, an interface circuit similar to that shown
in Fig. 16 is provided to control the analog switches S0 to
85. Although resistors corresponding to RlGA( R16B, R26A
and R26B, and associated switches are not shown in Fig. 18,
such resistors and switches may be added if desired.

The above-described embodiments are just examples of
the present invention, and therefore, it will be apparent
for those skiiled in the art that many modifications and
variations may be made without departing from the spirit of

the present invention.
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CLAIMS

1. A circuit arrangement for automatically giving a
frequency response to an input audio signal, comprising:

(a) a reference signal generator for producing a
reference audio signal;

(b) a selector for selecting said reference audio
signal or said input audio signal from a signal source,
said selector being controlled such that said reference
audio signal is selected until a desired frequency response
is given thereto;

(c) a frequency response control circuit responsive
to a control signal for giving a given freguency response
to an audio signal from said selector such that the level
of said audio signal is controlled at n bands wherein n is
a positive integer, said frequency response control circuit
including:

an amplifier responsive to said audio signal
from said selector, said amplifier having a negative
feedback path;

a plurality of variable resistor circuits whose
number is 2n, each of said variable resistor circuits
having a parallel circuit of a plurality of series circuits
of a resistor and an analog switch, a first group of n of

said variable resistor circuits being connected to said
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negative feedback path to cause a loop gain of said
amplifier to increase, and a second group of n of said
variable resistor circuits being connected to said
amplifier to cause the attenuation of the level of said
audio signal;

a plurality of resonance circuits whose number
is n, having different center frequencies within an audio
frequency range, each of said resonance circuits being
connected to two of said variable resistor circuits
respectively belonging to said first and second groups;

an interface circuit responsive to said control
signal for controlling on-off operation of said analog
switches of said variable resistor circuits, said interface
circuit having a shift register of serial-in, parallel-out
type for receiving said control signal by shifting serial
data in response to a clock pulse signal, a decoder
responsive to some bits of parallel outputs from said shift
register for producing a latching pulse to select one of
said n bands, n latches arranged to be enabled by said
latching pulse so that one of said n latches is used to
store some of said bits of the paralel outputs from said
shift register so as to control on-off operations of said
analog switches of one of said variable resistor circuits
corresponding to a designated band, and first means

responsive .to a timing signal and ‘to one of said parallel
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outputs from said shift register for causing said decoder

to output said latching pulse;

(d) a power amplifier responsive to an output
signal from said frequency response control circuit for
driving a loud speaker so that said audio signal passed
through said frequency response control signal is emitted
to a sound field;

(e) secogﬁ means ressponsive to an output signal
from a microphoné located in said sound field for picking
up said audio signal, for analyzing frequency response at
said n bands and for producing digital data indicative of a
signal level at each of said n bands;

(f) storage means for storing digital data
indicative of a plurality of frequency response curves; and

(g) computing means responsive to said digital data
from said second means and to said digital data from said
storage means;

for computing the difference between signal
level between said two digital data at each of said bands;

for producing said control signal by using the
difference between said two digital data, said control
signal including a first digital data word including
information for designating one of said bands, and a second
digital data word including information for designating

signal level in each of said bands, said first and second
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digital data words having a serial format so that said
first and second digital data words are fed to said
interface circuit of said fregquency response control
circuit via a single line, said first and second digital
data words including one bit indicating that the digtial
data word is either said first or second digital data word;
and

for producingisaid timing signal which will be
used by said interface circuit for detecting said one bit
for distinguishing said first digital data word from said

second digital data word.

2. A circuit arrangement as claimed in Claim 1, wherein
said amplifier comprises an operational amplifier having a
noninverting input for receiving said audio signal, an
inverting input coupled via a feedback resistor with an
output thereof, said first group variable resistor circuits
being connected to said inverting input of the operational
amplifier, said second group variable resistor circuits
being connected to said output of said operational

amplifier via an output resistor.

3. A circuit arrangement as claimed in Claim 2, wherein
said frequency response control circuit further comprises

another operational amplifier functioning as a buffer
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amplifier responsive to a voltage divided by said output
resistor connected to said output terminal of said
first-mentioned operational amplifier and said second group

variable resistor circuits.

4. A circuit arrangement as claimed in Claim 2, wherein
said frequency response control circuit further comprises a
series circuit of a resistor and an analog switch/
interposed between said inverting input of said operational
amplifier and ground; and whereiﬁ said interface circuit
further comprises means responsive to one or more bits of

said parallel outputs from said shift register for

controlling said analog switch.

5. A circuit arrangement as claimed in Claim 2, wherein
said frequency response control circuit further comprises a
series circuit of a resistor and an analog switch
interposed between a junction of said output resistor
connected of said operational amplifier and said second
group variable resistor circuits; and wherein said
interface circuit further comprises means responsive to one
or more bits of said parallel outputs from said shift

register for controlling said analog switch.

6. A circuit arrangement as claimed in Claim 1, wherein
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said amplifier comprises an operational amplifier having a
noninverting input for receiving said audio signal, an
inverting input coupled via a feedback resistor with an
output thereof, said first group variable resistor circuits
being connected to said noninverting input of the
operational amplifier, said second group variable resistor
circuits being connected to said inverting input of said

operational amplifier.

7. A circuit arrangement as élaimed in Claim 6, wherein
said frequency response control circuit further comprises a
series circuit of a resistor and an analog switch
interposed between said noninverting input of said
operétional amplifier and ground; and wherein said
interface circuit further comprises means responsive to one
or more bits of said parallel outputs from said shift

register for controlling said analog switch.

8. A circuit arrangement as claimed in Claim 6, wherein
said freguency response control circuit further comprises a
series circuit of a resistor and an analog switch
interposed between said inverting input of said operational
amplifier and ground; and wherein said interface circuit
further comprises means responsive to one or more bits of

said parallel outputs from said shift register for
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controlling said analog switch.

ouva FHL&Q;S
9. A circuit arrangement as claimed inZSlaim Y, wherein
said storage means comprises a read-only memory in which
data indicative of said plurality of frequency response
curves is prestored, said computing means being responsive
to manually inputted instructions so as to select one said
plurality of frequency response curves for the comparison
with the digital data from said analog-to-digital
converting means.

&ua ﬂ*aq&kj
10. A circuit arrangement as claimed in[?lainfﬁv further
comprising a modulator and a demodulator for respectively
converting digital data from said computing means into a
singal to be magnetically recorded on a magnetic recording
medium and converting a signal derived from said magnetic
recording medium into a digital data to be fed to said
computing means so that digital data indicative of said
plurality of frequency response curved is written and read
out from said magnetic recording medium.

precertoy

11. A circuit arrangement as claimed ianlaim'X, further
comprising a second selector for selecting said audio
signal from said microphone or said audio signal from said

frequency response control circuit.
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o precdeg
12. A circuit arrangement as claimed inZFlaim Xv_wherein
said second means comprises a frequency response analyzing
circuit including n filters responsive to the output signal
from said microphone, n detectors respectively respénnding
to output signals from said n filters, a third selector for
selecting one of output signals from said n detectors at
one time, and analog-to-digital converting means responsive
to an output signal from said third seleqﬁor for producing
digital data indicative of signal level at each of said n
bands.

sy Py
13. A circuit arrangement as claimed inZ?laim‘x, further
comprising a fourth selector for selecting output signal
from a magnetic recording medium in a magnetic recording
device or the output signal from said first selector so as
to send a selected signal to said freuency response control
circuit and to a demodulator which demodulates said signal
from said magnetic recording medium into a digital signal
to be fed to said computing means; a modulator responsive
to digital data from said computing means for converting
the same into a signal to be magnetically recorded; and a
fifth selector for selecting the output signal from said
frequency response control circuit or an output signal from
said modulator for supplying a selected signal to said

power amplifier and to said magnetic recording device.
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oy preceding
14. A circuit arrangement as claimed i%ZFlaim Xu further
comprising a display con%;ol circuit responsive to signals
from said frequency response analyzing circuit, and a
dislay unit responsive to output signals from said display
control circuit for displaying signal levels at respective

bands.
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